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ABSTRACT 
Suspended particles in a salt marsh complex in southern New 
Jersey occur dominantly in three forms: organic-mineral aggregates, 
fecal pellets, and single grains. If bottom sediments are to be 
rationally related to the overlying curren~7tegime, analysis must 
allocate the constituent grains of aggregates with known hydrodynamic 
characteristics to appropriate dispersed bottom sediments. This 
study attempts that assignation by comparing detailed size analyses 
of constituent grains of aggregates (with known settling velocities) 
to comparable analyses of bottom sediments. 
The multivariate rotation method, developed by Parks (1981,1982_) 
for quantitative shape analysis, was utilized on grain-size data. 
This method of analysis was applied to 56 bottom samples from Great 
Sound, New Jersey, and to suspensate with known settling velocities. 
The analysis of disaggregated grain-sizes utilized 121 variables 
(size· classes) . 
Principal components analysis was applied to a "reference" 
) . 
sample, consisting of disaggregated bottom sample grain-size data. 
The results reduced the 121 variables for each bottom sample to four 
variables or principal component scores, accounting for approximately 
96% .of the original va~iance. Cluster an~lysis, coupled with stepwise 
disc_riminant analys.is and vi·sual inspections of the actual 
disaggregated grain-si~e distributions, delineated four bottom 
1 
distributions which encompass all suspensate types in Great Sound. 
Succeeding multiple discriminant analyses of bottom sample and 
suspensate data revealed four groups optimally describing the 
variance in grain-size data present in these two data sets. The four 
bottom sample groups were then statistically associated with the four 
suspensate groups on a group-to-group basis. The assignation of 
settling velocities to the bottom sample groups enabled valid 
inferences to be made with respect to bottom sample size 
distributions and fair-weather tidal flow. 
2 
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CHAPTER l 
INTRODUCTION 
Fine-grained inorganic particles suspended in the marine 
environment seldom exist as single grains, but are bound together as 
aggregate particles (Schubel, 1971; Drake, 1976) with settling 
velocities which are much greater than those of the constituent 
grains (Kranck, 1975; Gibbs, 1977; Carson et al., 1988). Therefore, 
particle aggregation results in accelerated deposition of fine grains 
(McCave, 1975), and accumulation in areas where the fluid flow regime 
would prevent deposition of the constituent particles. 
Aggregated particles are the primary vehicles by which silt and 
clay are transported as suspensate in the salt-marsh complex near 
Stone Harbor, New Jersey (Figure 1). Suspended sediments consist 
dominantly of three inorganic types: organic-mineral aggregates 
(OMA), fecal pellets (FP), and single grains (SG) (Carson et al., 
1988). Organic-mineral aggregates are the most abundant suspensate. 
form ( > 60% by weight), are comprised dominantly of grains< 6 µm, 
and are characterized by settling velocities< 0.047 cm/s. These data 
suggest that OMAs are the primary vehicle by which the finest-grained 
sediments are transported and deposited in this area. Fecal pellets 
are compo:sed of grains varying in size from < 1 .. 60 µin. Given their 
relatively large settling velocities ( > 0.047 cm/sec), fecal pellets 
3 
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Figure 1: General map of study area showing suspensate sampling location of Carney (1982) and 
Meglis (1987) (from NOAA Intracoastal Waterway Chart 12316). 
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are probably an important mechanism by which clays and silts are 
added to the sand populations (settling velocity~ 0.15 cm/s) which 
dominate tidal inlets and channels (Carson et al., 1988). Single 
mineral grains in Great Sound range from clays ( < 2 µm) to fine 
sands (200 µm), but are dominant only in size classes above 88 µm 
(Carson et al., 1988). 
1.1 PROBLEM STATEMENT 
Many attempts have been made to relate bottom sediment size 
distributions to tidal flow (Postma, 1967; Jordan, 1968; Kran, 1974; 
Kranck, 1975). In Great Sound, New Jersey, Ashley and Grizzle (1988) 
measured tidal current velocities and speculated on the effects of 
tidal flow on fine-grained sediments being deposited in Great Sound. 
The utility of this approach is questionable, however, given that the 
hydrodynamic properties of disaggregated bottom sediments diffet 
markedly from the hydrodynamic properties of the aggregated 
suspensate particles (Kranck, 1975; Ca·rson et al., 1988). 
It is the intent of this study to relate bottom sediments to the 
' ) 
. : 
aggregate form in which they were transported. This is to· b.e done by: 
1. characterizing bottom sediments on 
the basis of their disaggregated grain~size 
distributions and describing the dominant 
suspensate types in terms of average 
disaggregated grain-size distributions; 
2. statistically relating bottom sample groups to 
suspensate constituent grain group~ of 
known hydrodynamic characteristics; and, 
5 
'J . 
0 
·\ 
3. relating the bottom sample groups to mean tidal 
flow velocities to determine if fine-grained 
sediment accumulation is correlative with 
modeled flow conditions. 
1.2 DESCRIPTION OF GREAT SOUND 
-
The salt marsh-backbarrier island complex, near Stone Harbor, 
New Jersey (Figure 1), consists of intertidal salt marshes and flats, 
tidal channels (ranging in width from < 1 m to> 150 m and in 
--depth from a few centimeters to 5-8 m, Zeff, (1988)). The area is 
dominated by Great Sound, a shallow lagoon (0.6 mat MSL) with an 
area of 6 km2 . Tides within the region are mixed and have an average 
range of 1.3 m. 
The lagoonal complex near Stone Harbor has insignificant 
freshwater input. Tidal flow is the dominant sediment transport 
mechani_sm in Great Sound (Kran, 1974), although wind waves play a 
strong role in sediment resuspension (Ashley and Grizzl.e, 1988). 
Ino.rganic sediment.s enter Grea,t Sound through Hereford and Townse.nd' s 
Inlets on flood tides (Hall, 1981; Kelley, 1983; Nadeau and Hall, 
1988). Tidal currents often exceed 50 cm/sin Great Channel, and 90 
Q 
cm/sin Ingram Thorofare (Ashley and Zeff, 1988), but are ~eldom 
st.ronger than 20 cm/s in the Sound. Bottom sediment trace metal 
studies indicate the dominant sediment transport route into Great 
Sound is along Great Channel from Hereford Inlet (Nadeau and .Hall, 
6 
' 
• 
1986). Fine sediments are accumulating in the Great Sound at rates 
less than 5 mm/yr (Thorbjarnarson et al., 1985) . 
7 
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CHAPTER 2 
METHODS 
2.1 SAMPLE COLLECTION AND ANALYSIS 
Near-bottom suspensate samples were collected in Great Channel 
(Carney, 1982; Meglis, 1987; Fig. 1). Carney collected 14 samples and 
Meglis, 11 samples, over complete tidal cycles. 
Both sets of suspended sediment samples were fractionated using 
a sectioned settling tube (Carson et al., 1988). The settling tube 
was designed to divide aggregated suspensate into discreet subsamples 
on the basis of their settling velocities (Fig. 2) .. An important 
result of the settling tube procedures was the determination of 
settling velocities for a particular aggregate size (expressed as 
equivalent diameter). Following separation and dispersion in an 
·ultra- sonic bath, size analyses of the constituent grains within each 
fraction of suspensate were carried out using a Particle Data Elzone 
Analyzer. This instrument volumetrically sizes and counts particles 
suspended in an electrolyte (Kelley, 1981). 
Carney (1982) fractionated the suspensate into nine parts, 
encompassing equivalent aggregate grain-sizes of < 2.0 µm to 
> 62 .. 5 µm. Meglis (1987) defined seven fractions, including 
equivalent aggregat~ grain-sizes of < 16 µm t·o > 88 µm. This study 
used data from Carney's (1982) first six tube sections (0-5 (1.2-22.1 
µm)) and Meglis' (1987) tube sections 4-7 (25.-88 µm). These grain-
8 
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. AGGREGATE SUSPENSATE FRACTIONS 
(C~rney, 1982) (Meglls, 1987) 
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Figure 2: Schematic illustration of Carney's (1982) and Meglis' (1987) settling tube 
fractions and respective equivalent diameters (the equivalent diameter for a 
particular settling velocity is a·efined as the diamete-r of a quartz sphere 
(densi·ty=2. 65 Mg/m3) having that same settling velocity (Carney, 1982)) · 
) 
~ .. - "' 
~ize ranges effectively encompass the constituent grain sizes which 
dominate organic-mineral aggregates and fecal pellets. The number of 
suspensate samples used from the two studies was 121. 
2.2 STATISTICAL ANALYSIS OF SUSPENSATE DATA 
2.2.1 PRINCIPAL COMPONENTS ANALYSIS 
Principal components analysis (PCA) consists of a linear 
transformation of 'p' original variables to 'p' new variables, with 
each new variable being a linear combination of the observed variable 
(Davis, 1986). These new linear functions are known as principal 
components and can be represented geometrically as mutually 
orthogonal coordinate axes. An important feature of these new 
principal components is that each, in turn, acco~nts for a decreasing 
amount of the variance of the original data set (Harman, 1976). Each 
principal component has coefficients associat.ed with it, known as 
principal component loadings. In additiort, for each principal 
component a principil component score can be calculated by 
multiplying the elements of· the eigenvector matrix (i.e. principal 
component loadings) by the raw data matrix. Eigenvectors of the 
correlation matrix produced in PCA yield th·e orientation of the 
p.rincipal components and the corresponding eigenvalues represent the 
lengths of each of the ·respective principal components (Davis, 1986). 
10 
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All samples used in this study~were normalized for discrepancies 
in size class boundaries and counts. This step entailed choosing a 
common set of size classes (variables) for all samples. As a result, 
121 variables (size classes) were generated for each sample (Appendix 
A), ranging from 1.2-88 µm. 
One of the primary goals of PCA is to reduce a large number of 
variables to a relatively small number of principal components 
without losing a significant amount of the variance of th~ original 
data matrix. Principal components analysis (BMDP program 4M; Dixon, 
1983) of the 56 bottom samples produced 4 principal components which 
accounted for 96% of the variance in the data (Appendix B). 
-A PCA produces principal components that are calculated with 
respect to orthogonal axes based on relationships within each 
specific data set (Cauller, 1987). These orthogonal axes may be 
rotated (varimax rotation) in order to maximize the variance that 
exists in a data set~ 
Each PCA produces principal components, princtp~l component 
loadings, ~nd principal component scores unique to a given data set. 
For example, a PCA of data set A will yield different principal 
components, principal component loadings, and principal component 
•: 
scores than a PCA of data set B, although data sets A and B may be_ 
similar. This problem of comparing non-standardized reference axes 
can be avoided ·by applying a PCA to a common group of samples whi.ch 
., 
encompass a broad range of val-ues. The 56 bo:ttom samples pro_vide a 
11 
I. 
group of size distributions one might expect to encompass all grain 
sizes in Great Sound. 
The principal components loadings matrix from the PCA of the 
bottom samples was extracted and stored (Appendix C). This 
''reference'' principal components loadings matrix (L, Table 1) was 
then multiplied by the standardized data matrix of each sample (Z) to 
* compute principal component scores (F) for each sample that could be 
compared directly. 
TABLE 1. PRINCIPAL COMPONENTS ANALYSIS VARIABLE DEFINITIONS 
(after Mather, 1976) 
n - number of samples 
p - number of variables 
F - (n x p) matrix of principal component scores 
F* - (n x p) matrix of standardized principal 
'component scores (unit variance) 
Z - (n x p) matrix of standardized data 
L - (p x p) matrix of principal component loadings 
D - (p x p) diagonal matrix of sample eigenvalues of R 
R - (p x p) matrix of correlations among the variables 
A - (p x p) matrix of column normalized eigenvectors 
of R 
The principal component loadings matrix L computed from R., the 
.matrix of correlations among the variables for the bottom data, is 
L = A n1/ 2 (4.1) 
where A is the matrix of unit-length eigenvectors of Rand Dis the 
diagonal matrix of sample eigenvalues of R. If the columns of F, the 
matrix of princip.al component scores for the bottom and su.spensate 
data, are standardized to have unit variance (F*), then 
F* = Z L o-l (4.2) 
12 
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where Z is the matrix of standardized data for all samples used in 
the analysis. By substituting (4.1) i~to (4.2), we get 
F* - Z A o·l/ (4.3) 
which is equivalent to dividing ZA by the standard deviations of the 
principal components generated for the bottom data. If the principal 
components are not standardized as employed in this study, then 
F - Z L (4.4) 
where Lis the principal component loadings matrix (Mather, 1976). 
Because of relationship 4.4, principal component scores were 
calculated for the suspensate data by postmultiplying their matrix of 
standardized data (Z) by the matrix of principal component loadings 
(L) calculated from the "reference" (bottom sediment) sample. As a 
result, principal component scores for the suspensate samples could 
be compared to principal component scores for the bottom samples on a 
sample to sample basis. 
2.2.2 K-MEANS CLUSTER ANALYSIS 
Cluster analyses assign obs·ervations to groups which are 
homogeneous and distinct from each other (Davis, 1986). Cluster 
analysis was applied to the principal component scores matrix of the 
56 bottom samples .. The results of cluster analysis es·tablished both 
the nwnber of distinguishabl.e groups and their membership, a 
separation upon which multiple discriminant ana.lyses (MDA) were 
subsequently based (Cauller, 1987). 
13 
K-Means cluster analysis (BMDP program KM; Dixon, 1983) is an 
arbitrary origin method which operates on the similarity between the 
observations and a set of arbitrary starting points (Davis, 1986). In 
the analysis, 'k' points characterized by 'm' variables are 
designated by the program as initial group ''centroids''. In order to 
associate 'n' samples with 'k' centroids, a matrix of similarities 
between the 'n' samples and the 'k' centroids is calculated and the 
most similar samples are assigned or clustered with the closest 
centroid. Samples are iteratively added to the nearest cluster, whose 
centroid is then recalculated for the expanded cluster. 
Results of cluster analysis with a varying number of initial 'k' 
centroids can be ambiguous. Therefore, two standards were used to 
judge the cluster analysis: first, the grain-size distribution of 
each sample placed in a particular group was visually inspected with 
respect to all other grain-size distributions in that group to verify 
that similar size distributions were indeed being grouped together; 
and second, cluster analysis results which yielded the fewest number 
of groups and which also gave the highest percentage of correc.t 
classifications of all samples i-n all group-s (as determined by 
subsequent stepwise discriminant analysis.) would be the number of 
groups chosen. 
The number of initial clusters was varied from 3 to 5. Four . 
. ' . 
groups w,ere determined to adequately represent the bottom sample 
14 
,: 
distributions based on visual and statistical comparisons of the 
bottom sample grain-size distributions. 
2.2.3 MULTIPLE DISCRIMINANT ANALYSIS (MDA) 
Multiple discriminant analysis (MDA) defines variables which 
maximize separation between previously-defined groups. Stepwise 
discriminant analyses (BMDP program 7M; Dixon, 1983) of the bottom 
sample principal component scores matrix, with accompanying 4-cluster 
designations, were performed to determine the percentage of samples 
correctly classified (100%) in a group based upon the computed 
discriminant functions. 
Multiple discriminant analysis (Mather, 1976) produced a 4 x 4 
matrix of discriminant function coefficients and also a 4 x 4 matrix 
of average discriminant srores for each of the 4 groups evaluated at 
each principal component. These two matrices were used in a 
subsequent MDA (Mather, 1976) of all suspensate constituent grain 
samples to classify the suspensate samples into 4 groups. 
2.2.4 BOTTOM SAMPLE - AGGREGATE SUSPENSATE SAMPLE 
COMPARISONS 
The principal component scores of both data sets (suspensate and 
bottom samples) were generated from the same principal component 
loadings matrix, derived from·' PCA of the bottom samples (Figure 3). 
15 
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Figure 3: Flow chart of statistical procedures appl
ied to data. /) 
As a result, the four suspensate constituent grain groups and the 
four bottom sample groups are statistically related. 
This relation is important because it assigns the suspensate 
constituent grain samples, which have known settling velocities, to 
bottom sample groups defined by samples of unknown hydrodynamic 
characteristics. It was anticipated that this procedure would permit 
inferences to be made about the depositional nature of bottom 
sediments in Great Sound on the basis of the known hydrodynamic 
behavior of aggregate constituent grains. 
' 
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CHAPTER 3 
RESULTS AND DISCUSSION 
A principal component loading reflects the relative importance 
of a variable (grain size) within a piincipal component (Davis, 
1986). A relatively small loading (arbitrarily chosen to be< 0.6) 
indicates that the associated variable does not contribute heavily to 
the principal component. Conversely, a relatively high loading(> 
0.6) indicates a variable which is more influential. 
Principal component one (Fig. 4a) shows high loadings(> 0.6) on 
variable numbers 29-90, indicating that principal component one is 
influenced most heavily by grain-sizes 3.6-38.9 µm (clays to medium 
silts). Conversely, Figure 4a shows that principal component one has 
high negative loadings on variable numbers 116-121, which can be 
interpreted as meaning that principal, component one is characterized 
by the absence of grain-sizes 105.8-128.3 fµm. 
Principal com_ponent two (Fig. 4b) primarily emphasizes grain-
sizes 1.2~8.7 µm (variable numbers 1-52), clays to very fine silts. 
Similarly, principal components three and four (·Fig. Sa and Sb, 
respectively) load r.elatively heavily on grain-sizes between 38. 9-
83. 5 µm (medium silts to very fine sands) and 83.5-101.8 µm (very 
fine sands) respectively. 
Following cluster analysis which defined 4 distinct groups of 
bottom samples, all samples in each group were used to produce an 
18 
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Component 2. ) 
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"average" grain-size distribution. These 4 average size distributions 
were obtained by summing all of the grain counts in each of 121 size 
\ 
classes for each sample of a particular group and dividing those 
counts per size class by the number of samples in the group. This 
procedure effectively reduced 56 individual Great Sound bottom 
samples to 4 average grain-size distributions (Figs. 6a, 6b, 7a, and 
7b). The three suspensate types found in Great Sound are presumably 
incorporated into these bottom sample distributions upon deposition. 
In like fashion, multiple discriminant analysis succeeded in 
placing 121 aggregate suspensate constituent grain samples into one 
of four groups. The suspensate samples in each group were then 
"averaged", using the same procedure applied to the bottom samples, 
producing 4 average grain-size distributions for the suspensate 
sample data (Figs. 8a,8b,9a,9b). 
Three suspensate types, organic-mineral aggregates, fecal 
pellets, and single grains, dominate suspended sediment in Great 
Channel, a major tidal channel entering Great Sound. Organic-mineral 
aggregates are composed almost exclusively of grains smaller than 6 
µm (Carson et al., 1988). Whatever the upper limit, organic-mineral 
aggregates are the primary vehicle by which fine-grained particles 
are transported and deposited. However, the princ{pal components 
analysis employed in this study determined 8.7 µm to be the coarse 
limit for constituent grains of organic-mineral aggregates (Fig. -4b). 
These aggregates are characterized by low settling velocities(< 
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0.047 cm/s) and low densities(< 1.4 mg/m3). and comprise 
approximately 70% (by weight) of the suspensate under fair-weather 
conditions. 
Fecal pellets are most commonly comprised of a wide range of 
particle sizes, although their constituent grains occasionally 
exhibit a well-defined mode of particles approximately 6-16 µmin 
size (Carson et al., 1988). Fecal pellets are characterized by 
settling velocities ranging from 0.047-0.5 cm/s, and densities 
ranging from 1.7-1.8 mg/m3 . Single grains occur in a wide range of 
sizes(< 2-200 µm), but are dominant only in size fractions> 88 µm. 
The samples in suspensate group 3 (Fig. 9a) exhibit size 
distributions characteristic of organic-mineral aggregate constituent 
grains. Indeed, the suspensate samples in group 3 come almost 
exclusively (two exceptions) from samples dominated by organic-
mineral aggregates (Carney, 1982). The two exceptions are suspensate 
samples dominated by fecal pellets (Meglis, 1987), whose constituent 
grains comprise the coarse tail ranging from approximately 10-30 µm 
in the distribution (Fig. 9a). Suspensate group 3 most closely 
resembles bottom sample cluster 3 (Fig. 7a). 
Suspensate group 2 (Fig. Sb) exhibits a well-defined primary 
mode in the size range of organic-mineral aggregate constituent 
grains··(< 8.7 µm) and a secondary mode in the size range of fecal 
pe-llet constituent grains (approximatley 10-3-0 µm). Suspensate group 
2 is not duplicated in the bottom samples, but contains sizes which 
...... 
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occur in bottom sample cluster 1 (Fig. 6a). Cluster 1 apparently 
contains all three suspensate types in its distribution: organic-
mineral aggregates ( < 8.7 µm), fecal pellets (approximately 7-40 
µm), and single grains ( > 80 µm). Suspensate group 2 lacks the 
coarse(> 100 µm) single grain peak observable in bottom cluster 1. 
This difference is most likely due to the fact that sand grains of 
the sizes(> 80 µm) seen in bottom cluster 1 are not commonly 
resuspended to an elevation 30 cm above the sediment-water interface, 
the elevation at which all suspensate was collected. 
Suspensate groups 1 and 4 (Figs. Sa and 9b) show peaks centered 
at approximately 45 and 73 µm, respectively. Although the constituent 
grains of some fecal pellets may fall within the distribution ranges 
shown in suspensate groups 1 and 4, these distributions probably 
reflect the presence of single grains because these groups are 
comprised strictly of suspensate samples classified by Meglis (1987) 
as single grains. Bottom clusters 2 and 4 clearly show single grain 
modes (both groups > 80 µm) . Al though the peaks of sus·pensate groups 
1 and 4 are finer than the peaks of b.ottom clusters 2 and 4, the 
suspensate sampling technique most likely excluded single grains 
coarser than 80 µm because single grains> 80 µmare too coarse to be 
resuspended 30 cm above the bottom by fair-weather flow conditions. 
The coarse grains defini·ng the p·eaks in b·ottom clusters 2 and 4 were 
most likely inco:rporated into the bottom sediments as bed load or 
during times of extreme flow conditions. 
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3.1 DEPOSITIONAL PATTERNS 
Young et al. (1988), using the aggregate settling velocity data 
of Carney (1982), modeled the deposition of suspensate in Great 
Sound. According to this model, during flood tide in Great Sound, the 
Intracoastal Waterway acts as a line source for sediment and water 
which spills over into the Sound. Using this origin and integrating 
over average depths during the tidal cycle, the model predicts where 
particles of various settling velocities will be deposited in Great 
Sound (Figure 10). To relate the predicted depositional pattern to 
observed bottom sediment sizes requires that the dispersed grain 
distribution be understood in the context of aggregate settling 
velocities. 
Principal component one (Fig. 4a) is characterized by fecal 
pellet constituent grains ranging in size from 3.6-38.9 µm. These 
grains are commonly contained in fecal pellets whose settling 
velocity ranges from 0 .. 08-0.15 cm/s. These pellets belong to settling 
fractions F2-F7 (Fig. 10), in the numerical model of Young et al. 
(1988)~ As such, the resulting deposits should be concentrated within 
250-1550 m of the Intracoastal Waterway, if the model is realistic. 
Constituent grains derived from fecal pellets were approximated 
for each Great Sound bottom sample by determining the percent of 
total sample volume of grains 3.6-38.9 µm. 
~ 
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High(> 40% per sample) fecal pellet constituent grain 
percentages dominate bottom sediments in the western portion of Great 
Sound, the easternmost portion of the sound, and in several isolated 
areas of the sound (Figure 11). 
Bottom locations approximately 250 m from the Intracoastal 
Waterway commonly contain< 10% total volume fecal pellet constituent 
grains (Fig. 11). The percentage of fecal pellet constituent grains 
contained within a bottom sample increases to the west. Bottom 
samples located approximately 1550 m from the Intracoastal Waterway 
generally are composed of at least 50% fecal pellet constituent 
grains (Fig. 11). Therefore, the percentage of total sample volume 
described by fecal pellet constituent grains 3.6-38.9 µm for each 
bottom sample is roughly in accordance with the predictions of the 
Young et al. (1988) model, although substantial fecal material is 
transported farther west than the model predicts. 
The fecal material in Great Sound sediments is mixed with larger 
single grains (Fig. 6a). Fecal pellets whose constituent grains 
define the 7-40 µm mode have settling velocities (as aggregates) 
ranging from 5.9 x 10~ 4 to 0.15 cm/s. The single grains(> 80 µm) in 
Figure 6a have settling velocities~ 0.53 cm/s. Therefore, although 
fecal pellet constituent grains do occur with single grains in 
several bottom samples, the two suspensate types do not behave in 
hydrodynamically similar manners. The discrepancy in settling 
velocities of these two suspensate types implies that a mechanism 
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other than tidal flow is responsible for co-occurrence of fecal 
pellet constituent grains and single grains in certain Great Sound 
bottom locations. Perhaps storm conditions, wind waves, and/or side-
cast dredge spoils introduce single grains into areas of the sound 
which would not receive single grains under tidal flow alone. 
Principal component two (Fig. 4b) is characterized by organic-
mineral aggregate constituent grains, ranging in size from 1.2-8.7 
µm. The contribution of this size range to each bottom sample 
(reflecting organic-mineral aggregate constituent grains) was 
extracted in a manner similar to that applied to the fecal pellet 
constituent grains. Because the upper and lower size-class boundaries 
for constituent grains overlap between organic-mineral aggregates and 
fecal pellets, this procedure defines some samples with more than 50% 
material from each suspensate type. 
Organic-mineral aggregate constituent grains< 8.7 µm belong to 
settling fractions F6-F9 (Fig. 10), ·in the numerical model of Young 
et al. (1988). As such, deposits attributable to organic-mineral 
aggre_gate constituent grains should be concentrated at least 1550 m 
fro.m the Intracoastal Waterway, according to the model. 
Figure 12 shows high(> 40% per sample) organic-mineral 
aggregate constituent grain percentages dominating bottom samples 
located in the western portion of Great Sound. However, the 
distribution does n.ot show a simple increase away from the 
Intracoastal Waterway; rather, a random pattern characterizes the 
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comprised of constituent grains attributable to suspensate organic-mineral aggregates. 
central portion of the sound. This distribution may reflect the fact 
that these aggregates, with settling velocities< 0.047 cm/s, are 
subject to resuspension and transport in virtually all areas of the 
sound. Deposition of such particles derived from fine-grained 
aggregates must only occur under prolonged, low-velocity tidal flow. 
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CHAPTER 4 
CONCLUSIONS 
1. Four principal components, accounting for 96% of 
the original bottom sample variance, can adequately 
characterize bottom sample grain-size distribution 
in the salt marsh-back-barrier lagoonal complex at 
Great Sound, New Jersey. 
2. Cluster analysis identified four groups which 
classify well the grain-size variability found 
within a representative population of lagoon 
bottom samples. An averaging technique applied to 
the samples in each group resulted in four average 
grain-size distributions for the bottom sediments. 
3. Multiple discriminant analyses applied to the 
bottom samples and to suspensate data (with known 
settling velocities) enabled statistical 
association of the two data sets. Bottom samples 
which are characterized by particles< 8.7 µmare 
comparable to suspensate dominated by organic-
mineral agg~egates, with settling velocities 
< 2.2 x 10- cm/s. Bottom samples characterized 
by particles 1.2-88 µmare comparable to 
suspensate dominated by organic-mineral 
aggregates, fecal pellets and single 
mineral grains, with s~ttling velocities 
ranging from 2.0 x 10- to 0.34 cm/s. Bottom 
samples dominated by particles> 80 µmare 
comparable to suspensate characterized by single 
grains, with settling velocities> 0.15 cm/s. 
4. Grains derived from organic-mineral aggregates 
dominate bottom samples located in the eastern 
and western portions of Great Sound, New Jersey. 
However~ the distribution does not show a simple 
increase away from the Intracoastal Waterway; 
rather a random pattern characterizes the 
central portion of the sound. This distribution 
35 
suggests resuspension and transport of these 
grains in virtually all areas of the sound. 
5. Fecal pellet constituent grains also dominate 
bottom samples located in the eastern and western 
portions of Great Sound. However, these grains tend 
to dominate bottom samples located closer to 
(,' 
the Intracoastal Waterway than bottom samples 
composed dominantly of organic-mineral aggregate 
grains. This pattern is due to the fact that 
fecal pellets have higher settling velocities 
(0.047-0.5 cm/s) than most organic-mineral 
aggregates . 
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Appendix A 
Variable NLtmber and Corresponding Size Class (microns) 
Number Size Number Size Number Size 
1 
"":!' 
._. 
4 
5 
6 
7 
8 
9 
1 (> 
11 
12 
13 
14 
l. 5 
16 
17 
18 
19 
'?() 
.... -
21 
22 
24 
26 
27 
'"'8 ..:.. 
'"'9 ._ 
- .. 
. .::. (J 
-:r 1 ..... 
........ 
.. .. 
......... ~ 
"":!'4 
·-· 
..,. 6 
. .:., 
-:r7· ._, 
' ' 
..,.8 
. .;.. 
-,-9·· 
._:, ·. 
4() 
1 ,.,,.., ....... 
1. 26 
1 - -. ~.(_) 
1. 36 
1. 4(> 
1. 46 
1 C" -. _,(_) 
1. 58 
1. 66 
1. 72 
1. 78 
1. 84 
1. 92 
2. (>(> 
,._., (>8 
.,_ . -
,.... ""'4 L • ..,;;. . 
,., ""=!' 4 
...:.. . ·-· 
,.... 4 ..... 
. '• 
..:.. . ·-· 
,.... C" "':" 
L • , .. J .,.:, 
,.... 6 -
.L. (_) 
2.71 
,.., 8 ""=!' 
.,;.. . ·-· 
.. l .. .. . - 8 
·-· . (_. 
"=!" ,., 1 
._ ... .a:... 
~ ..... -
. .::, . ..) (_) 
3.44 
~ C"6 
._;, • \-,al 
3.68 
-:r 8'"' ..... ..:.. 
4. <)(> 
4. 18 
4.34 
4. 54. 
4. 7(> 
4. St, 
C' .. 4 
~. (J 
5.21 
5.44 
42 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5(> 
51 
c;,.., 
....., ..:.. 
53 
54 
C'C' 
....J , • ..' 
56 
57 
58 
59 
6<) 
61 
62 
6 ~ 
·-
64 
65 
66 
67 
68 
69 
7(> 
71 
7.,.., ~ 
-,-;,: 
I ·-• 
74 
75 
76 
77 
78 
79 
8(> 
5.62 
5.94 
6.24 
6.41 
6.62 
6.87 
7. 12 
7.37 
7.69 
8. () 1 
8 ~C" • ._;, .._I 
8.69 
9. (>7 
9.37 
9.71 
1 (). (>6 
1 () 4~· - . ..... 
1 (>. 86 
11. 44 
11.97 
1 ,..... "":"' 1 .a;;. • ._:, 
. '• 1 ,..... 8...,. .:... . ._, 
., . I 1 _. ,.... _ 
._, a .,;_. I 
1 "':!" 7 c:-
·-· • . .... _r 
1 4 '7"7 . ._) ._:, 
14·. 74. 
15. 6(> 
16.46 
1 7. 4(> 
18. 14 
18.72 
1 9. 44. 
2(>. l. 6 
2<). 84 
,, 1 '() 
.,_, • I • 
.-..-. 9 -
.... .... • (J .• .. 
,....,..,. 76 ,  .
........ ,. 
24.62 
25.66 
26. 7(> 
. _.., 
81 
8 ..., 
..:.. 
8 ~ 
·-· 
84 
85 
86 
87 
88 
89 
9<) 
91 
92 
Q "":!' 
I ·-· 
94 
95 
96 
97 
98 
99 
1 (>(> 
1 () 1 
1 () ':') - .._ 
1 (>3 
1 (>4-
1 (>5 
lc)6 
1 - -, (J / . 
1 c)S 
1 <)9 
11 () 
111 
112 
113 
114· 
115 
116 
117 
118 
119 
12<) 
121 
"7 C:() 
..... . ._, -
28.54 
29.47 
3<). 68 
-:9' 1 C' 9 
._:, • ,._J 
..... -.. - e 
-~· . .::, • () ...J 
34.85 
"":!" 6 ,., 8 
·-· . .,:.. 
37.48 
38.89 
4<). 3(> 
41.68 
43.48 
4 1:" - ,., 
-· . (_).::. 
46.56 
48. :36 
5<). 1 t, 
c:' "":"' - ,., 
._J ._:, • (_) .::. 
C'C' - -
..__I , .. ) • (_) (_) 
56.98 
59. 18 
61. 38 
64.87 
6 - ()7 I • .. 
'O LO 6,.. u 1 
7r-i --:r1 
' .a:: • ·-=· 
I 4 M"=!° I • --.T .. _, 
77.78 
SC> .'t>3 
83. 4.9 
86.33 
9<). C)3 
0 ""=!' 7 "":!4 
. I •-• • ·-• 
97.43 
1 () 1. 84 
1 ()5. 84 
1 (>9. 99 
114·. 31 
118. 8() 
123.46 
128.31 
.• 
. 
. . 
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Append i }: B 
PRINCIPAL COMPONENT SCORES FOR BOTTOM SAMF'LES 
Bottom Sample 
FGS4 
FGS6 
FGS8 
FGS11 
FGS12 
FGS13 
FGS14 
RGT1 
RGT2 
RG2 
RG3 
RG6 
RG7 
RG9 
RG13A 
RG13D 
RG15 
RG17 
RG19 
RG22 
SG5 
SG6 
SG7 
SGS 
SG9 
SG 1 (> 
SG11 
SG12 
SG13 
SG14 
SG23 
SG24 
CG'":!'..., 
,,..} -. ..... ..:.. 
(""\ G "":!' "":!' ~ ·-··-· 
SG34 
SG "':"C' ., ._:, ~ 
SG36 
SG37 
SG38 
SG °":!'M 
·-·7 
F' r i n c i p a l 
Component 
Scor-e 1 
.426 
.679 
-.386 
-.728 
- • 4<)9 
-.552 
C'-:t" 9 
- . '-, ._:. 
- "':!' 9 6 
. ·-· 
• (>44 
-.649 
- "":?"71 
. ·-· 
-.675 
- O~I • ,. ._,o 
• 6(>9 
2. 186 
_,., ,:,7q 
- . ..... ~ 
..,. -:r,...., 
. . . 
. ·-··-· ~ 
.376 
""""4 -\ • ..::, < ... 
-.913 
-.941 
-:r - ..., 
- • ._:, CJ ' 
4 C" -:r-- • .. .. J ._;, 
.897 
- '":?"66 
. ·-· 
- '"'71 . ..:.. 
- 1-,-, 
• I I 
,.., 74 7 ~ . ' ._:. 
1. <)53 
,., 4 ":!' ,., 
...:.. . . .... ..:.. 
C"·I""\ I""\_ 
- 1'"f • 
• \..J .: ..:... 
- 84 7 . . / 
-.761. 
c:"77 
- • .J . ..:, 
-.626 
-.448 
• <)84 
- 84'? • .a. .. 
-.564 
- .. 664 
F· r i n c i p a l 
Component 
Score 2 
r""\ 7 C' 
- • ..:: .._J 
.841 
- ,.,C'O 
• ..:.. '1 .. ..1 I 
- 8"(> . - . 
-.658 
- 6~"" . ·-·..:.. 
-.663 
- 1 '"'c; ...... ~
• 188 
• 1 (>9 
2.424 
- 4r-:i, 
• L- I 
-.795 
1. 267 
C"r""\8 
. -·..::. 
5. 199 
.992 
1 • 13(> 
.. - -, 
. ()(}; 
-.146 
- M'"";\~ 
. -, .~ ·-· 
- 1 ~(l . .._ ... 
-. 4.62 
- • (>91 
- I"";\'? I 
• ..:....:.. 0 
.384 
- • 44(> 
-1 • (>(>9 
1 '":!' ~ ":!' 
. ·-· ·-· ·-· 
-.797 
-. 64·5 
..,. -" 9 
- •. I 
n ·-~ •' • 
..... . .. 6 -.·6 . ' ·-' '. 
C'-rC-
- _:1•• I 
• '-' .... ,\..I 
- • 67"9 
-.471 
_.r\ ..... 
.. . '• II ._, .a;.. ,_, 
- .. 77 ..... 
. ~ ·-·· 
-.586 
-.488 
43 
Principal 
Component 
S ""::r core . .:, 
1.462 
• <)93 
-. 194 
-.599 
.227 
1 • (H)5 
- ,,c;() 
. ... '-" . 
1. 625 
3. <)(>4 
-.257 
- 4~"" . ·-· .,:_ 
- 1 . 1 (H) 
-1.265 
.777 
-1.542 
- 9,., ""=!' 
. ..:_ ·-· 
• 49(> 
l. 636 
-.837 
-1.281 
- c:·6 
- • (_) ._J 
-:rgt 
- .. _:. ._) 
,.., 6 1 ..,. 
..;:. . ._:, 
- 9:?"C' 9 • . _,J 
-,-:r6 
• I ._:, 
c7c-
• \.-I '-I 
-1. 124 
- 9:?"C:-7 
• ·-· ._J 
-.418 
.... l"""ll c:: 
·- ( ) .• I ......... -.: 
,, - c:-
- .. •().1 
• -..a.-.. - '-" 
- • 63(> 
-.319 
- 0'"'9 . a I ..:, .. 
• 67(> 
-:r4a::-
• •-' ,._I 
-1.156 
.416 
-.575 
Principal 
Component 
Score 4 
.422 
• <) 18 
r"\ ..... ,, 
. ... . 
• ..:.. ·-· k 
-.754 
. 127 
- '""'a - . ..) .:: 
. .. 
--7 . ._:, ._ . 
.899 
-? 7"'4 
-· -
.428 
-1.156 
-1 ,:,9~ 
. - "'-
-1 '"/70 . ._ .' : 
-1.364 
1.653 
• (>36 
-:r4~ . ._:. .._: . 
,., ...,9 
• .&... I 
Q 'tC" 
- •' I 
• I -. 'I.J 
- • (>4(> 
-1 . C)() 1 
-.275 
- • 2c;·7 
.714 
.445 
1 -:r,.., 7' .. _ .. ..;: . ..;, 
1. 287 
- ""-=!'7 
.. .&:... ·-· 
- .. . 
..... ,....,9 
. · ... •..:.. 
-1 71. 7. 
. ·-· 
- • 4(>4 
1. 2(>7 
• 38() 
- . () 18 
-.772 
1.654 
.. . 
<• • 128 
-.824 
1.196 
• I'""\ .. 
• (J . .::. (_) 
p. 
• .... • ., ,. ...... _, __ ~.,, ..-- .. " ... ....,._. ............. ,-- ._.....---------··---........ .__....-ww .... ··-· ... -·- i.--~ ....... r ................ - ...... ~ ··-t"-· ........ - .... 
• 
Appendi:{ B (cont.) 
F·R I NC I F'AL COMF·ONENT SCORES FOR BOTTOM SAMF·LES 
Bottom Sample 
SG4(> 
SG41 
SG42 
SG43 
SG44 
SG45 
SG46 
SG47 
SG48 
SC:,49 
SGS(> 
SG51 
SG52 
SGc--:,-
"') ._.I • _:' 
SGS~'l 
c5c:-c::-
.__, J -· .__, 
F·r inc i pal 
Component 
Score 1 
-.956 
-.797 
- 7"7 a 
-- I 
-.424 
1 • () 1 1 
- • <)() 1 
• 186 
-.654 
- • ::.4 6 
-.477 
1 '":"" C'-, 
• ._:, . ..J I 
• 4-4.3 
2.468 
1 • (>69 
I'"':\ 129 
.L- " 
I • • - 8 l"'"'t . ,. _, ..... 
F'rincipal 
Component 
Score 2 
- • 84(> 
-.446 
- ]S'() 
. -- -
- • 6(> 1 
- --4 . () . .::, 8,.,,.., 
. ..:... ..:... 
-.691 
-.658 
- '"'~R 
. ...:.. ·-' ·-
- 171 • 
1 • 1 -:r-, ._:, I 
.216 
- •. \ -r - 4 
. ·-· (_ . 
.. 934 
4 - ... . ( ) ,• . .. .... 
• 46<) 
44 
F·r inc i pal 
Component 
Scare 3 
-1 • 189 
-.479 
- • 49(> 
-.467 
• 196 
..... r""'I _. ~ . •. 
. .._. ,.:.... ·-· 
1 • 2(> 1 
""' - .-. - .• () .· . ~ ......... 
1 • 3(>4· 
l . 4~: l 
- c:,6 
• ._I I \.. 
1 • 7()() 
-.941 
-.942 
·-1 • 27(> 
• 
l t.,6 
F·r inc i pal 
Component 
Scor-e 4 
-1 • <)51 
r:i 7-:r: 
. ..:.. ·-· 
1 1 '""'7 . . • ..:.. ·-· 
'9'"' • I •-
. 64-8 
- • ()4(> 
-1 r::ir::i7 . ._.._ 
.916 
- -:-: r-:i 7 ' . .. ·- ..a.-
1 • 73t., 
1 • 4.93 
'":IQ -a ,..;._ I () 
- • (>7(> 
-.295 
1 • () (> 7 
-'! 6Q8 
.&- a I 
Appendi:·: C 
PRINCIPAL COMPONENT LOADINGS FOR BOTTOM SAMPLES 
Principal Component 1 Loadings: 
'""'..,,. C" '""'-=!' 1 I'"'\- - ,.,~ 4 I'"'\ - - ,.,~ 1 .241 .268 • 3()2 .344 . •. . . ' .... .. 
• ..:: ._:1._J . ...;.:. ·-· . ~ ·-· ·-· . ~ ·-· . ..:.. ·-· ..... 
. .;_, ,.._, 
4·- .456 .479 C' - 1 • 5<)6 C' I'"'\ 4 • 54(> • 5<)4 • 5(>5 C'-:r 9 . () . .:.:, . .._,(_) ...... •...:.:. • ...J ._:, 
' 
.574 c:7r:: r:: 9 r:: .581 .574 .596 .598 .561 • 6(>7 .599 • ._J ....J • _, .._J 
• 598 • 6<)6 • 611 . 61 () 6-- • 66<) .662 • 644 .645 .694 . -~· . .) 
.697 . 7(>8 .695 . 7(>8 .721 7-.r:: .748 .754 .757 ,.756 . .,.:_ -· 
• 771 .788 • 8<)4 .826 .836 9-· .858 • 844 .867 
9.-. 
. .~.(_) . (_) ...:.:. 
. 9<)4 .892 .894 .897 .896 .899 . 9()4 9 . r:: q·4 • 9(> 1 • (J...J • I () 
• 9(>(> • 9(>() .895 .891 .889 .877 .858 • 868 .871 
gc--:r 
• ...J ._:, 
.834 8 "':!' ~ • 8(>C) • 77(> .785 7cr= .762 . 7c)8 .667 .639 . ·-· ·-· • .._)._I 
.588 C'-:t" 8 .475 • 44(> -7, . 314 r") "':!' 9 187 117 
. 7--
• ....J ._:, • ._::, I . ~--· • • 
. (_) . ..::, 
• (>(>3 • C" 4 - • <)97 1 I""\ C" 172 -. . 6 - """'4 -.348 -.428 -.429 - • CJ .... J - ..:.:. .....J - - ,• () • • . -- - . ---
4 c:- "':"' 
-.493 c:--. - - c-4c- r:: 7 t:: 6-. - - • 66() -.696 -.719 
,~~ 
- ~ ,• () - .·') -
-- • ...._1._:, . - - • .._I .,_I 
- • _, ._J 
. -- ·-
• I ..:.. ...:.. 
- 7(>'°:' . - ...... 
F'rincipal Component 2 Loadings: 
• 9<)4 q. C' • 9<)7 . 91 1 .916 Q·7() Q...,-=!' .921 .917 • 9(>9 • ,' (_) ._J • •. ..._ - • : .a:.. ·-· 
• 887 .862 .854 .844 .838 .831 .821 .846 .846 .816 
.788 .789 • 77() ,9 - .788 .766 ,c:o .797 .766 .773 • I () • I • •• ..lw 
76-:-: ,t::6 -,r::-, -,-6-.. -4c: '1 ' 7-r. . 746 .748 
"'7 - c: 
• 
/ I._, . ,' "-' • ; "-I I II ·' ..;_ • / .._I • I 0 
. .~, (_) • I (_) .._I 
7() ·-:, 
.694 • 7(>8 • 6 9 ::::: .679 h''7' .. 651 .. 645 .641 .636 
• . - .a-
• w / ·-·' 
6'"'~ • 6(><) c:::. 7 C: c:::. ..... - c-,· - r= r-'\ 9 .495 C'(,6 .458 '76'() 
. ..:.. ·-· • ....... ....J 
• .._I • .:.:,(_) . ·--' .~:· (_) • 1 .... .'..;:. • , .• ..I -· •• _;. t. -
.391 .434 .427 4 I""\ - 4 r-i - 4-q .398 
-9-
.388 ":!'08 
. ..::. () • .a::. (J . (_) ' •. .::, (J . ·-· / 
• 386 .387 "':!'89 ~·86 .377 "':!' 8 r:: 4-~ • 386 ~75 
-:r, C" 
. ·-· . ·-
• •.-• ,._I • (J.:: . ·-· • ·-· / .._J 
• 368 -7- .377 .378 .364 "':!' 4,., .. 318 
--6 ,.,9c: .274 
• ..::, (J .. _, ..:.. • ..::, (J • L ...J 
r:ic-9 ,..,~~ 197 198 168 1~4 • C)98 • (>59 • () 16 
. - ,.... 
. ..:..-• . ..:... ......... • • • • ·-· 
- • (J(J..::. 
- • <)5(> - • (>79 - 1 ,., "":!' - 145 - 168 - 194 -.244 -- .. 296 -.347 - .. 368 • 
..:... ·-· • • 
• 
-.391 -.4-18 -.447 -.455 - • 48(> -.514 -. 54.9 -.577 - 50'"71 -.595 • I .,:_ 
-.5a4 
45 
• 
Appendix C (cont> 
PRINCIPAL COMPONENT LOADINGS FOR BOTTOM SAMPLES 
Principal Component 3 Loadings: 
- 1 <)5 - 1 (>4 - 1 (>8 - 1 (>(> - • ()99 - • (>96 - • (>88 - • (>79 - • (>57 - • (>45 • • • • 
. ---
- • (> 18 - • (><)4 - 1 C' • (>4 (> - -:r 4 - ...,.7 ·-9 - C' 1 - '1 - ( ) •, .. • (_) ,_I . () ·-· . (_) .,:. . () . .::, . () ... .} • (_) I . . ·-··-· 
• (>66 • (>64 • (>49 • (>74 • (>66 • (>6(> • (>7 4 - r:: 6 • (_) .._J . 4,, . () ...:.:. ·e4 • (J .._J 
• (>49 - C' 4 • (_) ._1 • (>44 • <)64 - C" 1 • ()J - 1 -. () -~· - • (>(>7 • (>2<) • I'""'\ r • CJ..: ...J • (>35 
- - ~ 
- - -
·._. <)(> 7 - • <)(>6 - ()()":, - • () 1 9 - • (>4 1 - • () 1 <) - ()'":' 1 - -~~ • (_) (J . .::, • () (J . .::, • (J ·-· ·-· . - - ..._ . --
--7 
- • (>6<) - c:-7 - • <)44 - (>'"'8 - C" ""' - • (>3<) - • (H)4 • (> 15 - • (>57 - . () . .::, - • ()J - ( )J .• 
. -- . - -
- • (>46 - (> ":, 4 
. - -
- I'""\ 4 
- () .· 
. - -
- • () 14 . 1 c-- • (_) .... J - • C)(>6 - • (>(>9 - 1 ._ - . () . .::, - • (>(>7 • (> () 1 
. -.7 • () 14 - .......... • (>46 • (>67 .. 9 I'""'\ 1 ,., () 121 1 ,., ":' 167 • l)~ ( ) .. '• . () .: 
. - ·-· ·-· • - - • • --
• 
""'~5 . ..:.. ..:.. .246 ..,. 1 I'""'\ . . ·-· ~ • 374 7. r::: 9 . ·-·~ .415 . 437 e·4 . _,(_) r:: 6 .-, . ~ ...:.:. • 611 
.671 .736 • 78(> .824 .863 • 9(>4 • 944 • 966 • 978 .981 
.981 9,r:: • I ._J or:: 6 • I J .937 .919 • 89<) .829 .766 667. . ·-· .623 
C"C'C" 
• 49(> • 4<)8 -:"' ~-, .296 187 • (>7 1 - -.9 139 - ,..,,.., 6 - () .· -• J ._) ._J • ·-' ·-' I • . - ..... • . .,;... ..;... 
~-9 
- .. .::, (_) 
' 
Principal Component 4 Loadings: 
- 183 - 181 - 174 - 176 - 166 - 1 c=ro 157 - 163 - 171 - 162 • • • • • • ._ I • • • • 
1 t.,() 156 143 138 1-- 1 15 1 (>4 1 - c:- (>9 l <)99 - - - - - .. .. - - - (_) ._I - -• • • • • ·-· ·-· • • • • • 
(>88 ()97 (>88 (>79 .. C'C' .. --, (>2 t., () C: ') - 6 ._ - • (>71 - - - - - ()...J ._I (J . .::, , - - - (_) . .::, • • • • • • • • - .._J..._ • (>7-, 12<) 1 (>(> <)94 <)44 () 1 (> () l 2 • C" 1 (>54 ()4 7 - - - - - - - ().._, - -• • I • • • • • • • • • 
() ,:,-, ·-s - 4 c:- - -r 1 - t:' - (>44 (>'74 ()56 (>7(> - .. (>6() 
- -
(J . .::, \.. 
- () '-..I -- (J . .::, - • (),. _ _1(_} - - -• • ·•- I • • • • • - .... • • 
() Cj 1:7' - -r4 (>4·8 (>4<) (>18 --9 ...... 4 (>'76 - .......... (>39 - - (J . .::, - - - CJ . .::, - (_) . .::, - - ( ) .. . ·-• I • '1 • - "--- • • • .. • • • - ..... • - .... - • 
C)66 - C" 1 (>91 1 (>6 1 <)4 1 ()9 1 '"'(> 125 1 - I'""\ 1 -- .. - - • (J...J - - - - - - '• . - -~:, (J • • • • • • "- - • • ..... ..:.. • ,, 
154 15<) 1 7(> 187 ,._:, () () ,.., .,., -::' - r:-4,., - ~"':?' 6 - ,., ,.,~ - ,-,c- 8 - - - - - _.:: .__I • • • • • -.... • .:.. ..:.. ·-· • ..:... ...:.. • ~-.. • • ..:.. ..:... ·-· • 
,.., 8 "":!' ,., 9c=; 3<) 1 :!; () c;> 298 -:r 1 -:r ..... - 1 -:r:,., 6 ..,. 4' - "':!' -:r: () - - - - - . . - . .::, () . - - . . • ...:. ·-· • .. :.. \..., • • - - . • . ·-· ·-· • • ._ . .._ • .... • ·-· . ·-· ·-· -
"":!' ,., ,., 
"":!' 1 ,., -:r~9 269 '""'4C' 214 139 (>74 "°) r-'\ r-'\ <)(>9 
- - - -
-
..::. '.._, - - - ( ,• .. 
• .. •.a:.....:.. 
·-· ..:... • 
I • 
• • • • • • • • • -~ ..... 
- _.._ 
() ""=!' 1 1 ()' 185 '""l-:r7 . . 
• . ·-· • • I • 
.. 
..:... ·-· • 
?7'? 
.a... "·- .317 • -:r9'? ·-· .. _ • 43<) • 471 • 51 1 
535 5:43 537 554 c--- 491 419 ~4~ ,., 4,.., 131 • ·• • • • ,,.,.} •.:: I •.:: I • • • ·-· .~ • ..:.. ..:.. • 
• (>25 
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Appendix D 
GROUP MEMBERSHIP OF BOTTOM SAMPLES 
ClLtster 1 - 11 samples 
FGS 6 
RG 13A 
RG 15 
RG 17 
SG 12 
SG 13 
SG 44 
SG 5<) 
SG 52 
SG 53 
SG 54 
Cluster 2 - 14 samples 
FGS 11 
F.'.GT 2 
RG -=!" ._, 
RG 6 
RG 7A 
RG 9 
RG 19 
SG 5 
SG 14 
SG 34. 
SG 37 
SG 4(> 
SG 46 
SG 55: 
• 
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ClLlster :. - 1 sc1mple 
RG 13D 
Cl Llster 4 - 3(> samples 
FGS 4 SG 24 
FGS 8 SG "":!' ,., ·-·~ 
FGS 12 SG _,._. .. . .
·-'·-· 
FGS 1 "":!' SG -:"" C' ._, ._:, .,_J 
FGS 14 SG 36 
RGT 1 SG 38 
RG 2 SG ~o ._t I 
RG '":l...., SG ..:l 1 .:.. .:.. 
SG 6 SG ..:.12 
SG 7 SG ·~ ~ ..... _:, 
SG 8 SG 45 
SG 9 SG 47 
SG 1 C) SG 48 
SG 1 1 SG 4.9 
SG ,.,~ c·5 51 
..:.. ·-· 
.._, .,
Appendix E 
GROUP MEMBERSHIP OF AGGREGATE SUSPENSATE SAMPLES 
Group 1 - 9 s~mples Group 2 - 86 samples 
CS2(> CS153 E4FP 
B5SG CS 15C) CS24 F4FF· 
~<5SG CS21 CS34 A5FF· 
A6SG CS61 CS44 B5FF· 
B6SG CS71 CS54 C5FF· 
C6SG CS81 CS64 E5FF· 
E6SG CS91 CS84 ~:::~,FF· 
F6SG cs 1 () 1 CS94 A6FP 
~::: 6SG CS131 cs 1 (>4 B6FF' 
B7SG CS141 CS114 C6FP 
CS22 CS124 E6FF· 
CS42 CS134 F6FF' 
GroLtQ -:,- - -.c- c:;amples css=-.-. CS144 A7FF· ·-·' .L .,_J ...... , ..:~ 
CS62 cs 154- B7FF' 
CS3() CS41 CS92 cs-.c=- A4SG - ...:: .._J 
CS4(> CS51 CSl12 cs-:,-c:- B4SG . ._:, ·--' 
CS5(> cs 1 t 1 CS122 CS45 C4SG 
CS6(> CS121 cc 1 ~,..., ccc:-c- ELI-SG .._) ·-·..:.. ~-· ..... .r 
CS7<) CS151 CS'""' 7 CS65 F4SG • .::. •..: I 
CS8<) cc~,., CS33 CS75 H4SG \... ... _ . .._ 
CS9(> CS72 CS43 CS85 ~-··4'""'G ··. ~ 
cs 11 () CS82 ccc:·-:r CS95 A5Sf5 ._., , .. J ._:. 
cs 12<) cc1 .,., CS63 cs 1 <)5 C5SG ...... ()..:... 
cs 13() c:s 142 cc ... 7-=!" CS1. 15 E~5SG .... 1 ·-· 
cs 14<) CS152 CS83 CS125 
CS31 ~::: 4· FF' cc9-:r CS135 1.,.J ._:, 
~:::6FF' cs 1 (>3 CS145 
CS113 CSl.55 
GroLtP 4 - 1 sample CS123 A4FF· 
' CS133 B4-FF· 
A7SG CS143 C4FP 
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